, w as th e fifth o f eig h t ch ild ren . O ne of his eld er b ro th e rs d ied in ch ild h o o d , an d th e o th e r w as said to be h alf-w itted . H e h ad a m iserable tim e at school at B rom sgrove, w here he was placed in a ra th e r low fo rm w hen he started , fro m w hich he could only be p ro m o ted if he cam e m o re th a n halfw ay u p in th e final te rm 's o rd er. T h is he n ev er achieved; he sp en t th e w hole o f th e rest of his school career in th e sam e fo rm w hile his tw o y o u n g er b ro th e rs, G e rald and F red d ie , w ere p ro m o ted an d w en t first to E to n and th e n to C am bridge. T e d d y th o u g h t th a t his fath er was dyslexic. H is uncle m ay have suffered from the sam e p ro b le m , an d T e d d y believed th a t he 67
h im self also d id in a m in o r w ay, th o u g h th e o nly evidence w as his in ab ility to spell. O n S ir H a rry 's d e ath E d w a rd was m ad e th e d ire c to r o f th e b rew ery and his tw o b ro th e rs w ere left th e h o u se an d its co n ten ts. E d w a rd looked after th e b rew in g side of th e b u sin ess, th o u g h he re g a rd ed th e will as u n fair, and his b ro th e r G e ra ld an d co u sin E rn e st a tte n d e d to th e p u b s an d th e office.
T h o u g h E d w a rd w as a k in d m a n an d good w ith c h ild re n , his anxieties m ad e his p ersonal re la tio n sh ip s w ith th e m difficult as th e y grew u p . W h e n T e d d y w as in his late teens his fa th e r gave h im a b o u t j£1000 o f b rew ery d e b e n tu re s and p o in te d o u t th a t, w h atev er h a p p en e d , th e in te re st w ou ld be sufficient to b u y a good m eal every day. E v en w h en T e d d y w as a p p o in te d to a u n iv e rsity po st his fa th e r c o n tin u e d to ask 'W h a t use is th is w ork? W h y do people pay y ou to do it? ' O n ly w h en T e d d y began to talk fre q u e n tly on th e radio after 1943 d id he accept th a t T e d d y h ad som ehow estab lish ed h im se lf in a resp ectab le career.
T e d d y 's m a te rn al g ra n d fa th e r w as a solicito r an d a V icto rian eccen tric, S ir F ra n k C risp , B t., w ho lived in a large h o u se o u tsid e H en ley called F ria r P ark, and was d isap p ro v ed o f by T e d d y 's p a re n ts. H is fa th e r alw ays spoke of h im as bein g a useless, ex trav ag an t, p o m p o u s m an , an d his m o th e r co m p lain ed of his having th e m o st e x tra o rd in a ry people, a black m an an d an en gineer, to stay in th e house. T h e black m a n w as a M ah a ra ja h and the en g in eer S ir H a rry B aker, th e d esig n er o f th e F o rth B ridge. T e d d y w ent to stay th e re w ith his sister an d cou sin s fo r a m o n th every year. T h is house was b u ilt by S ir F ran k , w ho d eco rated th e ex terio r w ith specially carved p u n s. N e a r th e fro n t d o o r w as a m o n k h o ld in g a frying pan w ith holes in it labelled 'T w o H o ly F ria rs '. T h e g ard en co n tain ed a m odel o f th e M a tte rh o rn over 100 ft h ig h , an d a cave full o f gnom es. T h o u g h T e d d y saw little o f his g ra n d fa th e r, he g reatly enjoyed his visits. T h e se ceased in 1917 w hen his g ra n d fa th e r d ied alm ost b a n k ru p t and th e house h ad to be sold. It w as later b o u g h t by one o f th e B eatles.
In N o rw ich T e d d y and his th re e y o u n g er sisters w ere b ro u g h t u p in a ram b lin g V ictorian house at 1 H eig h am G ro v e, p rin cip ally by his n an n y , o f w h om he w as very fond. H e first w en t to N o rw ich H ig h School fo r G irls, w hich he q u ite enjoyed, especially th e a rith m e tic lessons. A t n in e he m oved to N o rw ich G ra m m a r School, w here he w as ex trem ely u n h a p p y and th o u g h t of killing him self. A fter tw o years o f m isery he was tak en to see a p sy ch iatrist, w ho reco m m en d ed a b o a rd in g school. T h o u g h T e d d y was horrified at th e idea of going aw ay to school he w as sen t to A ld e b u rg h L odge in A ld e b u rg h , Suffolk, ju s t before he w as tw elve. T h is change h ad the desired effect: he sta rte d to w ork h a rd an d to take an in te re st in th e w orld a ro u n d him . H e took u p p h o to g ra p h y an d sta rte d to read th e new spapers. O n e n try he was p u t in th e b o tto m b u t one class w ith eig h t-y ear-o ld s. H e rap id ly cam e to p o f th e class. H e a ttrib u te s th is change in his fo rtu n es to th e tw o head m asters o f th e school, M r S tu rg eo n an d M r W ilk in so n , w ho took g reat in te re st in his p ro g ress. T h e only rem ain in g signs of his em otional d istu rb a n c e w ere an in ab ility to spell an d a dislike o f team sp o rts, b o th o f w hich p e rsiste d th ro u g h o u t his life. T e d d y w as able to pass th e co m m o n e n tran ce, an d in S e p te m b e r 1921 w en t to R ep to n . A p p a re n tly his p a re n ts chose th e school because one o f his au n ts lived n earb y . A t th is p e rio d th e h e ad m a ster was G . F. F ish er, w ho afterw ard s becam e A rc h b ish o p o f C a n te rb u ry . R oald D ah l (D ah l 1984) has given a vivid acco u n t of w h at life at R ep to n w as like a few years later u n d e r th e sam e h ead m aster. T e d d y w as at first u n h a p p y , b u t n o t as m iserable as he had been at G ra m m a r School. H e d isliked th e m asters, especially F ish e r. T e d d y w on a book prize, w hich F ish e r w o u ld n o t give h im because he w as n o t in F is h e r's house. T h e teach in g w as bad: even in m a th em atics th e m ain em phasis w as on form al m a n ip u la tio n . T e d d y d id n o t do w ell, and expected to leave early to be a p p re n tice d to a c h artered a cco u n tan t before going in to th e fam ily b rew ery. H e th erefo re felt no p a rtic u la r urgency to do any th in g .
T e d d y 's expectations w ere com pletely ch an g ed w hen A. W . B arto n cam e to th e school to teach physics. H e was th e first real p h y sicist T e d d y h ad m et. H e h ad w orked in th e C avendish u n d e r R u th e rfo rd an d h ad o b tain ed a P h .D . for a thesis on th e half-life of ra d iu m C " , w hich he m easu red by finding th e len g th o f th e recoil track before it decayed to p o lo n iu m . B arton p u t a great deal of effort in to teach in g T e d d y , w ho he d ecided m u st go to C am bridge. T h e re w as som e difficulty a b o u t th is because his fath er th o u g h t th re e years at a u n iv ersity w as a w aste o f tim e. H is view was p ro b ab ly affected by his tw o y o u n g er b ro th e rs, w ho h ad read law and row ed at T r in ity H all. B ut w hen it was discovered th a t a degree co u n ted as one year tow ards th e ch artered accountancy course it was d ecided th a t T e d d y should stay a n o th er year at R ep to n an d try for a scholarship. B arton ta u g h t h im using the C am b rid g e su pervision system , leaving him to w ork in th e lib rary d u rin g th e day an d talking to h im in th e evening for an h o u r tw o o r th re e tim es a week. T e d d y failed to get a scholarship, p ro b ab ly because his m athem atics was n o t very good. H e was ta u g h t m athem atics by a ch em ist w ho was h im self n o t able to answ er th e q u estions in th e scholarship exam . T h e visit to C am b rid g e was his first contact w ith the C avendish, w here he took a practical exam . H e was su rp rise d to find th a t his galvanom eter was p erm an en tly ja m m e d and th a t no one th o u g h t th is was odd. In d e e d it was not: m o st of th e e q u ip m e n t in th e lab was like th a t (and still was 35 years later w hen I took th e sam e exam ination at the C avendish).
T e d d y enjoyed his later perio d at R epton. H e discovered th e politics of using th e m achine to his ow n ends, ra th e r th a n co n fro n tin g it. H e fo u n d th a t he was never m issed if he stayed in bed in th e m o rn in g instead of going to early m o rn in g class at 7.15 a.m . W h at w ould have been fatal was to go once and th e n stay away; after a w hile th e m atro n b ro u g h t h im a cup of tea w hen th e o thers had gone. T h o u g h T e d d y disliked F ish er w hen th ey w ere at R epton, he later realized how in tellig en t an d am u sin g F ish e r was, and cam e to reg ard him as one o f th e b est a fte r-d in n e r speakers in E n g lan d. F is h e r's successor, R am sey, was in th e sam e house as T e d d y at R ep to n and was tw o years his senior.
T e d d y cam e up to C lare in 1926 to read n a tu ra l sciences, an d gained a first in the M ays th e next year and a C ollege S ch o larsh ip . T h e n ex t year he took P a rt I in physics, ch em istry , m ath em atics an d m ineralogy, in w hich he again got a first. T h o u g h he d id well he fo u n d th e lectu res in physics very disap p o in tin g . T h e re was a lack of g enerality an d all b u t th e sim p lest calculus was avoided. In ste ad he w en t off to listen to P a rs 's an d L a rm o r's lectures. In his th ird year he fo u n d th e lectu res b e tte r, an d th ey gave a sense of co ntact w ith c o n tem p o rary physics. C o m in g o u t o f a lecture by A ston one day he m et P atrick B lackett, w ho asked T e d d y w hat he was doing. W h en he replied th a t he h ad b een listen in g to A ston, B lackett said 'W hy? E v ery th in g he says is in his b o o k .' T e d d y w en t to no m ore lectures, except R u th e rfo rd 's, w hich he could n o t resist (175)*: th e practical classes ta u g h t him n o th in g useful, and in his th ird year he trie d to devise som e new ex p erim en ts for th e P a rt II class. A t th e en d of th e year he again o b tain ed a first and was aw arded D r G re e n 's cup for general learning. T h is account of T e d d y 's early life is an ab rid g ed v ersion o f one he w rote shortly before he died.
T he Cavendish, 1929-31
In th e su m m er of 1929 T e d d y becam e a research stu d e n t at th e C avendish. H is supervisor was P atrick B lackett, w ho suggested th a t he m ig h t follow u p th e w ork of R am sauer, w ho had show n th a t th e to tal scattering cross section for electrons scattered in gases decreased as th e energy was red u ced below ab o u t 3 eV. T h is was q u ite inexplicable by classical theories of scattering, and B lackett suggested th a t he sh o u ld stu d y th e corresp o n d in g change in angular d istrib u tio n , w hich could be expected to be m ore inform ative th a n th e variatio n in total cross section. T e d d y sp en t th e long vacation in the 'a ttic ' of th e C avendish, w here b eg in n ing g raduate stu d en ts sp en t a m o n th o r so learn in g ex p erim en tal tech n iques. H e w orked on the v ap o u r p ressu re of tap grease, an d th e n started to b u ild th e ap p aratu s for electron scattering, w hich was a b ir d 's n est of glass tu b in g for hand lin g and circulatin g gases. Before he h ad got very far H arrie M assey, w ho had started research at th e sam e tim e, asked if he could jo in T e d d y . T e d d y was delighted; th e jo b w ould be m u ch easier w ith tw o people.
A fter a few m o n th s they had learn t the tricks o f v acu u m electronics, Numbers given in this form refer to entries in the bibliography at the end of the text.
an d h ow to get reliab le re su lts. T e d d y re g a rd e d it as a sp le n d id in tro d u c tio n to re sea rc h . I t re q u ire d care in d esig n , m a n u al d e x te rity a n d a critical a ttitu d e to th e re su lts. H e a n d M assey fo u n d th a t th e re w as a p eak in th e sc a tte re d c u rre n t at a b o u t 90°. T h is b e h a v io u r w as q u ite in ex p licab le b y th e classical th e o ry o f collisions, b u t w as o b v io u sly an alo g o u s to th e d iffra ctio n rin g s a ro u n d a stre e t lam p in a fog. T h e e x p lan a tio n o f R a m sa u e r's re su lts w as also a p p a re n t: th e y re su lte d fro m d iffractio n ro u n d a sp h erica l ato m . T h e re su lts ag reed ex cellen tly w ith w ave m e c h a n ics, a n d th e y q u ick ly w ro te u p th e re su lts fo r p u b lic a tio n in th e
Proceedings of the Royal Society (2). T h e n R u th e rfo rd cam e in one day an d said: 'A rn o t (a n o th e r research s tu d e n t) says he go t re su lts like y o u rs in m e rc u ry v a p o u r six m o n th s ago. I asked h im w h y he h a d n 't w ritte n th e m u p a n d he said he th o u g h t th e y w ere w ro n g a n d h a d n 't to ld an y o n e. N o w he says he know s th e y are all rig h t b ecau se th e y are like y o u rs an d has w ritte n a p a p er. W h a t w o u ld yo u like m e to do? I f y o u w ish I w ill h o ld u p h is p a p e r u n til y o u rs has com e o u t.' T e d d y re m a rk s th a t he th o u g h t v ery quickly: 'W h a t an sw er w o u ld R u th e rfo rd like?-clearly th e g e n e r ous o n e ', a n d said 'S en d th e m b o th in to g e th e r'. H e a n d M assey p u b lis h e d a n u m b e r o f e x p erim en tal p a p ers on o th e r gases (2, 3) an d a th e o re tic al d iscu ssio n (4) of th e ir re su lts. T h is w ork gave T e d d y a g reat feeling o f confidence: he h ad d o n e som e eleg an t e x p erim en ts th a t ag reed w ith th e q u a n tu m m ech an ical calculation s.
T h e ro o m in w h ich th is w ork w as d o n e w as close to R u th e rfo rd 's a n d w as o ccu p ied by five research stu d e n ts, all o f w h o m w ere la te r to be elected F ellow s of th e R oyal Society. T e d d y saw m o re o f R u th e rfo rd th a n he d id o f his su p erv iso r B lackett, w ho w as on a long v isit to G e rm a n y . T h e experience o f w o rk in g at th e C av en d ish d u rin g its m o st successful p e rio d m ad e a d eep im p ressio n on T e d d y , an d his d e sc rip tio n s o f R u th e rfo rd 's C av en d ish stro n g ly resem b le th e D e p a rtm e n t o f G eo d esy an d G eo p h y sics w h en T e d d y w as its head d u rin g th e 1960s.
T h o u g h th e e lectro n sca tte rin g w ork w as v ery successful, th e e n d o f his stu d e n tsh ip w as a p p ro a ch in g and th e re w ere no jo b s for phy sicists. In 1931 he m a rrie d M a rg a re t T h o m a s an d was c o n cern ed a b o u t how he was going to e arn a living.
Experimental geophysics, 1931-39
T e d d y o ften to ld th e sto ry o f how he becam e a geophysicist. H e h ad h ad e n o u g h o f electro n scatterin g an d was th in k in g o f th e p o ssib ility o f d ev eloping an electro n m icroscope. T h e n one day at tea in th e E aster te rm o f 1931 N o rm a n F e a th e r to ld T e d d y th a t he h ad b een offered a jo b h elp in g S ir G e rald L e n o x -C o n y n g h a m teach surv ey in g an d geodesy to p eople w ho w ere to be sen t o u t to th e colonies. H e said he h ad refu sed it an d asked T e d d y if he was in te re sted . T e d d y th e n talked to R u th e rfo rd w ho said 'T h e re are no jo b s and th e re are a lot of people ju s t in fro n t of you. If I w ere you I w ould take any jo b I co u ld g e t.' T e d d y accepted th e p o st and becam e a d e m o n strato r in the new ly fo rm ed D e p a rtm e n t of G eodesy and G eophysics, w hich at th e tim e o f its fo rm atio n consisted o f only one person, S ir G erald L e n o x -C o n y n g h am .
G eodesy in C am bridge cam e into being because of th e efforts of P rofessor N ew all, w ho was P rofessor o f A stro n o m y . H e an d L en o x -C o n y ngham had m et w hile N ew all was in In d ia for th e to tal eclipse o f th e S u n in 1898, and they had becom e close friends. W hile L e n o x -C o n y n g ham was still in In d ia, w here he w as S u p e rin te n d e n t o f th e T rig o n o m e trical B ranch of the survey, N ew all w rote to h im in 1918 a b o u t th e possibility of startin g an In stitu te o f G eodesy in C am b rid g e, w hose head w ould be th e P rofessor of G eodesy in th e U n iv ersity . T h e original idea was to found an In stitu te com parable w ith th e P ru ssian C en tral G eo d etic In stitu te at P otsdam . T h e se g ran d plans m ade little p rogress, an d in F e b ru a ry of 1921 N ew all w rote to suggest th a t L en o x -C o n y n g h am try '(1) to form ulate an ideal schem e for th e fo rm atio n of a school and an in stitu te to m eet the re q u irem en ts if we could co n tro l u n lim ited m eans, and (2) to pick o u t of th e ideal schem e ju s t those p arts on w hich it w ould be b est to m ake a b eginning u n d e r condition s w here we have very lim ited m eans. W e know th e re is a very general desire to see something started and a readiness to do w hat we can here in C am b rid g e .' H e w ent on to say th a t 'I am sham elessly am azed at m y boldness in suggesting th a t you sh o u ld set to w ork on such a ta sk '. N ew all th en quickly p ersu ad ed T rin ity C ollege to fu n d a P raelectorship in G eodesy, w hich L e n o x -C o n y n g h am accepted. H e m oved to C am bridge from re tire m e n t in O xford in th e M ichaelm as te rm of 1921. In 1922 th e U n iv ersity created a R ead ersh ip in G eodesy fo r him , b u t assigned no salary to th e post. As T e d d y p o in ts o u t in his biography (91) of L eno x -C o n y n g h am , th is h isto ry illu strates th e im p o rtance of having several sources of fun d s for research. T e d d y m ade these rem arks in 1957, th e year after he had h im self been able to re tu rn to C am bridge because of the su p p o rt of a College, in his case C aius.
By him self L enox -C o n y n g h am was unable to do m u ch . H e ta u g h t surveying to a sm all n u m b e r of officers of colonial survey d ep artm en ts, and convinced Sir H orace D arw in, w ho was C h airm an of th e C am b rid g e In s tru m e n t C om pany, to help w ith the c o n stru ctio n of a p e n d u lu m apparatus. By 1931 he had p ersu ad ed th e U n iv ersity th a t he needed help w ith this project, and had been given fun d s to ap p o in t a d e m o n strato r and a laboratory assistant. T e d d y becam e th e d em o n strato r, and Leslie Flavill, th en a boy of 16, was appo in ted as th e assistant by L ad y L enox-C onyngham . B oth ap p o in tm en ts w ere to be enorm ously successful, despite the ra th e r su rp risin g m a n n er in w hich they w ere m ade. A t th e sam e tim e H arold Jeffreys was appo in ted to a R eadership in G eophysics. In the next eight years this sm all group of people had a q u ite rem arkable im pact on geophysics.
T e d d y soon fo u n d th a t L e n o x -C o n y n g h a m w as a k in d ly m an , an d th a t his e x tre m e c o n serv atism d id n o t e x ten d to scientific m a tte rs. A t first he w as a little d o u b tfu l o f T e d d y . T a lk in g to R u th e rfo rd over p o rt in T r in ity he once q u e stio n ed B u lla rd 's ability. 'I 'll tell y ou w h at, C o n y n g h a m ', re to rte d R u th e rfo rd , 'h e 's a d a m n sig h t clev erer th a n y o u a re '. L e n o x -C o n y n g h am was soon con v in ced th a t T e d d y w as an excellent e x p e rim e n tal p h y sicist an d becam e a g reat help. H e ran th e D e p a rtm e n t an d h elp ed find fu n d s for T e d d y 's m an y e x p erim en ts.
W h e n T e d d y becam e a d e m o n stra to r in th e D e p a rtm e n t th e only scientific in s tru m e n t it possessed w as th e p e n d u lu m a p p aratu s, an d T e d d y at once set to w ork to im p ro v e its p erfo rm an ce. H e d ev ised a m e th o d o f reco rd in g th e sw ings on p h o to g ra p h ic p a p e r to g e th e r w ith a tim e signal, an d fo u n d th a t th e In v a r p e n d u lu m s w ere affected by th e E a rth 's m ag n etic field (6). H e system atically in v estig ated every process th a t he and L e n o x -C o n y n g h a m could th in k o f th a t m ig h t affect th e accuracy o f th e m e asu re m e n ts, an d develo p ed a q u ick m e th o d o f m e a su r ing th e p e rio d o f th e p e n d u lu m s to an accuracy o f a few p a rts in 106 (7). I t is rem arkable th a t th is accuracy could n o t at th e tim e be achieved w ith th e sta n d a rd tim e signals from R ugby, w hich d id n o t keep as good tim e as th e p e n d u lu m s them selves. T h o u g h c o rrectio n s to th e tim e signals w ere p u b lish e d , th ey w ere only available at in terv als of six h o u rs. T o avoid h aving to sw ing th e p e n d u lu m s for six h o u rs at every statio n , th e tim e signals w ere reco rd ed w ith p e n d u lu m in stru m e n ts b o th at C am b rid g e an d in th e field. T h e accuracy of th e signals was th e n irrelev an t. B u t th is a p p ro ach re q u ire d th e C am b rid g e p e n d u lu m s to be sw ung every day at a fixed tim e, a task th a t w as done by L e n o x -C o n y n g h a m an d L eslie Flavill. T h is d ev elo p m en t is d escrib ed in p a rt o f T e d d y 's P h .D . thesis, w ritte n in 1932. H e th e n w ished to use th is technology to ad d ress a m ajo r g eo p h y si cal p ro b lem . T h e E ast A frican R ift is one of th e larg est geological stru c tu re s on th e co n tin en ts, and T e d d y m o u n te d an ex p ed itio n to m easure th e gravity field in its n e ig h b o u rh o o d th ro u g h o u t C en tral A frica. S uch an am bitio u s ap p ro ach was only possible because o f th e im p ro v em en ts he had m ade. T h e accoun t o f th e resu lts (10) show s th e care and th o ro u g h n ess w ith w hich every p a rt o f th e ex p erim en t was p lan n ed . T h e prin cip al conclusion of th is w ork w as th a t th e R ift was fo rm ed by com pression; as T e d d y later recognized, th is idea is co m p le tely incorrect. As T e d d y often rem arked later, a you n g m an should p u b lish a very long paper: w h e th er it is co rrect or n o t is o f lesser im p ortance. N one th e less his gravity w ork on th e A frican R ift was of great and lasting im portance. It show ed how sim ple geophysical m easu re m en ts could be used to investigate th e origin of m ajor geological stru c tu re s. T o do so T e d d y had to overcom e th e difficulties of m aking accurate m easurem ents u n d e r prim itiv e co nditions in th e field. O n one occasion his vehicle becam e stuck w hen crossing a sw ollen stream . T e d d y took off his shoes to try and p u sh th e car ou t, b u t th e w ater rose before he could do so, and th e car was carried away. So he an d M a rg a re t set o u t to w alk to th e nearest cam p, w ith n ig h t ap p ro ach in g an d T e d d y b arefo o t. S u d d e n ly they saw a n u m b e r of lions w alking to w ard s th e m , an d h a d hastily to take refuge in a tree. As n ig h t fell th ey sta rte d to call for help. B u t every tim e th ey d id so th e lions answ ered w ith a ro ar. F o rtu n a te ly after som e tim e th ey w ere rescued by a search p a rty fro m th e cam p, w here th e ir failure to arrive h ad b een no ticed by th e s u p e rin te n d e n t (W o lh u te r 1948).
T h e w ork on gravity estab lish ed his re p u ta tio n , an d in 1936 he was aw ard ed th e S m ith so n R esearch F ellow sh ip o f th e R oyal Society an d resig n ed his d e m o n strato rsh ip , to w hich B en B row ne, a research s tu d e n t fro m th e C avendish, was ap p o in ted . W ith th e active s u p p o rt o f L e n o x -C o n y n g h am T e d d y th e n becam e in te re sted in o th e r ty p es o f geophysical m e asu re m e n t o f relevance to geological p ro b lem s. W ith Flavill he d esig n ed a sh o rt-p e rio d seism o m eter w ith w hich he an d o th e rs m ad e a survey o f th e d e p th to th e b asem en t b e n ea th so u th east E n g lan d by u sin g seism ic refractio n (25). H e also sta rte d to w ork on m arin e geophysics an d on h eat flow from th e E a rth 's in te rio r, p ro b lem s th a t w ere to in te re st h im for th e rest of his life.
W h en T e d d y first becam e in te re sted in m arin e geology alm ost n o th in g was know n o f w hat lay b e n ea th th e sea floor. Few geologists h ad given any th o u g h t to th e rocks they could n o t see. O ne of th o se w ho h ad was D ick F ield at P rin ceto n , w ho, besides T e d d y , also in te re sted H ess, V en in g -M ein esz and E w ing in p ro b lem s o f m arin e geology. H e m et T e d d y at th e In te rn a tio n a l U n io n for G eodesy an d G eophysics m eetin g in E d in b u rg h in 1936, in v ited h im to th e U .S .A . in 1937 an d ex h o rted h im to stu d y th e sea floor. T e d d y was easily co n v erted and, w ith T o m G askell and B en B row ne, started to w ork on th e co n tin en tal sh elf using th e sam e seism ic refraction m eth o d s th a t h ad been so successful on land. T h is w ork (31) was done ju s t before W o rld W ar II and a sim ilar stu d y was c o n d u cted by E w ing on th e eastern m arg in of th e U .S .A . T h e y p ro v id ed the first in fo rm atio n a b o u t th e deep stru c tu re o f co n tin en tal m argins, and show ed th a t th ey w ere u n d e rla in by th ick w edges o f lowvelocity sedim ents on b o th sides of th e A tlantic. A fter th e w ar M au rice H ill co n tin u ed th is w ork at C am b rid g e and ex ten d ed it to deep w ater, w here the cru st was fo u n d to be only ab ou t 7 km thick. T o m H ep w o rth (H e p w o rth 1946) provides a vivid account of th is early m arin e w ork, w hich was also reco rd ed on colour film, now h eld in th e N atio n al F ilm A rchive of the B ritish F ilm In s titu te (Seism ic E x p erim en ts at Sea 1938 and 1939) . T w o B rixham traw lers w ere ch artered by th e Royal Society, one of w hich belonged to R obin Byng. 'I th in k we h ad b een vaguely expecting a lot of old m en w ith bu sh y eyebrow s an d grey b eard s, very ab sen t m in d ed . N o t a b it of it. T h e re w ere fo u r of th em , an d only D r B ullard, w ho was in charge, was older th a n m yself; .... H e was tall and d a rk , a n d lo o k ed m o re like an a th le te th a n a D o c to r o f P h y sic s .... A ll fo u r o f th e m sp o k e v e ry fast, a n d th e ir m in d s sw u n g fro m su b je c t to s u b je c t w ith su c h sp ee d a n d p re c isio n th a t th e re st o f u s felt like g alleo n s c h a sin g a 6 -m e tre to w in d w a rd . ' T h e o th e r m a jo r p ro je c t th a t T e d d y s ta rte d a t th is tim e w as th e m e a s u re m e n t o f h e a t flow fro m th e E a r th 's in te rio r. T h o u g h th is p ro b le m h a d b e e n o f g re a t in te re s t 50 y ears e a rlie r, a n d h a d led to th e fa m o u s c o n tro v e rs y b e tw e e n L o rd K e lv in a n d th e g eo lo g ists, it h a d sin ce th e n b e e n larg ely n e g le c te v alu e th a t is n o w k n o w n to be ty p ic a l o f stab le c o n tin e n ta l reg io n s. H e la te r in v e stig a te d th e influence o f to p o g ra p h y (18) an d o f th e te m p e ra tu re d is tu rb a n c e d u e to d rillin g (40), as w ell as th e im p lic a tio n s o f th e o b se rv a tio n s fo r th e E a r th 's th e rm a l h isto ry (36). H is w o rk in th is area e sta b lish e d s ta n d a rd s a n d te c h n iq u e s th a t have re m a in e d largely u n c h a n g e d . H is b o re h o le o b se rv a tio n s e sta b lish e d a reliab le average v alu e fo r th e h e a t flux th ro u g h th e c o n tin e n ts, b u t he d id n o t d isco v er any o f th e m a jo r reg io n al v a ria tio n s in h e a t flux th a t are n o w k n o w n . M e a s u re m e n t o f th e h e a t flow on lan d w as th e last m a jo r p ro je c t T e d d y d id b e fo re th e o u tb re a k o f w ar. In th e e ig h t years in w h ic h he h a d b een w o rk in g in geo p h y sics h e h a d m a d e im p o rta n t c o n trib u tio n s to th re e o f th e fo u r b ra n c h e s o f th e su b ject: g rav ity , seism ology an d h e a t flow, p rin c ip a lly fro m an e x p e rim e n ta l p o in t o f view . T h e s e p ro je c ts w ere stro n g ly in flu en ced b y c o n v ersa tio n s w ith H a ro ld Jeffrey s a n d su p p o rte d by L e n o x -C o n y n g h a m , w hose influence h e lp e d to p ro d u c e th e n ecessary re so u rce s. T e d d y 's o nly th e o re tic a l in v e stig atio n s d u rin g th is p e rio d (14, 18) w ere e x p e rim e n ta lly m o tiv a te d . A s an e x p e rim e n ta list he w as o u t s ta n d in g , a n d his w o rk show ed th e stro n g in flu en ce o f h is tra in in g in th e C av e n d ish . In th is w o rk he w as g reatly h e lp ed by his w ife, M a rg a re t, w ho sh a re d in m u c h o f th e e x p e rim e n ta l w ork, k eep in g m a n y o f th e n o teb o o k s an d m ak in g th e th e rm a l c o n d u c tiv ity m e a su re m e n ts. T h e in te rn a tio n a l a tte n tio n th a t his e x p e rim e n ts g e n e ra te d led to h is electio n to th e R oyal S o ciety in 1941.
T he war, In N o v e m b e r 1939 T e d d y becam e an e x p e rim e n ta l officer a tta c h e d to H .M .S .
V e r n o n, w h ich w as a la b o ra to ry o f th e A d m ira lty c o n ce rn e d w ith m in e w arfare. H e was ju s t 32, an o u ts ta n d in g e x p e rim e n ta l p h y sicist w ith ex ten sive co n tacts th ro u g h o u t th e scientific w o rld . H e fo u n d a sad g ro u p o f i en in th e A d m ira lty la b o ra to ry . T h o u g h th e y h a d o rig in ally b een able p h y sicists th e y h ad b een starv ed o f reso u rces w hile th e N av y c o n stru c te d new sh ip s, an d h a d beco m e th o ro u g h ly d e p re ssed . T h e y co u ld n o t a d ap t to th e u rg e n c y o f w ar. T h e G e rm a n s h a d d ev elo p ed a new m ag n etic m in e th a t co uld be laid b y a irc ra ft in shallow w ater. I t w as v ery effective because it sank sh ip s in th e m o st in c o n v en ien t places, u p e stu aries an d in h a rb o u rs w h ere th e traffic is g re a te st a n d w h ere o b s tru c tio n caused by th e w recks is m o st seriou s. T h e s e m in es w ere laid in B ritish w aters fro m th e s ta rt o f th e w ar in 1939, a n d by th e e n d o f D e c e m b e r h ad su n k 60 ships. T h is w as th e p e rio d o f th e 'p h o n e y w a r', so su ch losses a ttra c te d c o n sid erab le a tte n tio n to th e in a b ility o f th e A d m ir alty scien tists to sto p th e dam age. T e d d y saw w h at n eed e d to be d o n e, an d , a fte r a sh arp stru g g le w ith th e naval scientific e sta b lish m e n t, w as p u t in ch arg e o f th e d ev elo p m en t o f m e th o d s o f p ro te c tin g sh ip s fro m m ag n etic m ines.
S oon afterw ard s he b ecam e h ead of th e g ro u p c o n ce rn e d w ith sw eeping all k in d s o f m ines. T h e p rin c ip a l p ro te c tio n ag ain st m a g n etic m in es c o n sisted o f re d u c in g th e m ag n etic field o f sh ip s by fittin g coils o f w ire th ro u g h w hich an electric c u rre n t co uld be passed (37). T h o u g h o n ly th e v ertical m a g n etizatio n is easily c o u n te ra c te d in th is w ay, rem o v in g th is c o m p o n e n t p ro d u c e d co n sid erab le p ro te c tio n an d re q u ire d th e sen sitiv ity o f th e m in es to be increased, w h ich m ad e th e m easier to sw eep. M ag n e tic ranges w ere estab lish ed n e a r th e e n tra n ce to p o rts, to m ake su re th a t th e field o f th e ships h ad in d eed b een re d u c e d .T h e ranges co n sisted o f coils on th e sea b o tto m , spaced in a line across th e ch an n el th ro u g h w h ich th e sh ip s passed, co n n ected to a re c o rd in g system on sh o re. T h e s e m e th o d s w ere very effective and T e d d y soon h ad tim e to th in k a b o u t o th e r m ech an ism s th a t th e G e rm a n s m ig h t develop fo r trig g e rin g m in es, su ch as acoustic and p re ssu re m ech an ism s, and to develop m e th o d s o f sw eep ing su ch m ines before th ey cam e in to use. In th is he an d his g ro u p w ere very effective. W h en th e G e rm a n s d ep lo y ed a new ty p e o f m in e to p ro te c t th e ir beaches d u rin g th e N o rm a n d L o n d o n to jo in B lack ett, as A ssista n t D ire c to r o f N a v al O p e ra tio n a l R ese arch . B lack ett w as d e v e lo p in g w h a t is n o w k n o w n as o p e ra tio n a l an aly sis. H e re T e d d y w o rk e d o n a v a rie ty o f p ro b le m s c o n c e rn e d w ith B ritis h m in e s a n d s u b m a rin e atta ck s o n G e rm a n a n d Ita lia n s h ip p in g . H e w as also c o n c e rn e d w ith th e q u e stio n o f th e o p tim u m size fo r A llied co n v o y s. In early 1943 th e size w as in c re ase d , a d ecisio n th a t F a lc o n e r (1976) re g a rd s as one o f th e m o st im p o rta n t c o m m a n d d ecisio n s to be b a se d o n o p e ra tio n a l re sea rc h . O n e o f th e c o m m itte e s o n w h ic h T e d d y serv ed as th e A d m ira lty re p re se n ta tiv e w as th e C ro ssb o w C o m m itte e , w h o se c h a irm a n w as D u n c a n S a n d y s, w h ic h w as p a rtic u la rly c o n c e rn e d w ith flying b o m b s a n d ro ck ets. T h r o u g h th is h e m e t R o d erick H ill, w h o w as C . in C . F ig h te r C o m m a n d , a n d sp e n t som e tim e a t h is h e a d q u a rte rs n o m in a lly ru n n in g h is o p e ra tio n a l re se a rc h g ro u p , b u t in fact p ro te c tin g H ill fro m th e a tte n tio n s o f p o litic ia n s.
L ik e m o st o f th e scie n tists in th e ir tw e n tie s a n d th irtie s w h o w o rk e d on w a rtim e p ro b le m s, T e d d y w as p ro fo u n d ly affected b y th is ex p erien ce. H e re m a rk e d (177) th a t h is tim e in th e C a v e n d ish m a d e all th e d ifferen ce, n o t b e ca u se o f a n y th in g he le a rn t th e re , b u t fo r th e co n fid en ce it gave. T h e b e lie f th a t R u th e rfo rd 's b oys c o u ld do a n y th in g th a t w as d o -a b le a n d c o u ld m a ste r any su b je c t in a few days w as o f e n o rm o u s value. T h is a ttitu d e m u s t have m ad e h im seem a rro g a n t b u t, as he p u t it, 'fo r m y self I alw ays h a d th e feeling th a t I w as really th e W iz a rd o f O z, th e b e st w izard th e re w as a ro u n d ..., b u t b e h in d it all a b it o f a fr a u d '. T e d d y en jo y ed his tim e in th e N av y , w h ic h h e fo u n d less c o m p e titiv e an d m o re co o p erativ e th a n th e la b o ra to rie s in w h ich he h a d w o rk ed . O n ce he g o t to k n o w th e p eo p le a n d th e y tru s te d h im he fo u n d he co u ld do a lm o st a n y th in g . H e re m a in e d an a d v iso r to th e A d m ira lty u n til he re tire d to S c rip p s.
Cambridge and T oronto, 1 9 4 5 -5 0 W h e n T e d d y re tu rn e d to C a m b rid g e a fte r th e w ar he fo u n d th e place in a so rry state. H e b eg an b y sc ru b b in g th e floor an d en erg etically co llectin g s u rp lu s e q u ip m e n t fro m th e w ar effort to p ro v id e th e basic n eed s o f th e D e p a rtm e n t. T h is w as especially n ecessary b ecau se th e e q u ip m e n t th a t th e D e p a rtm e n t h a d o rig in ally po ssessed h a d b een re q u isitio n e d at th e s ta rt o f th e w ar a n d w as n o w largely useless. F u rth e rm o re th e in s tru m e n ta l tech n o lo g y h a d m o v ed fo rw a rd ra p id ly an d th e la b o ra to ry n eed e d m o d e rn e q u ip m e n t. B u t b o th he an d M a rg a re t b ecam e restless. T h e y h a d little m o n ey , L e n o x -C o n y n g h a m w as now in his late seventies an d w as still head o f th e D e p a rtm e n t, an d B rita in w as n o t reco v erin g very q uickly fro m th e w ar. E v ery o n e w as g o in g o ff to sta rt new e n te rp rise s elsew here, a n d th o u g h th e U n iv e rsity talk ed o f cre atin g a p o st o f D ire c to r in E x p e rim e n ta l G eo p h y sics w ith p ro fesso rsh ip statu s fo r T e d d y , th e process o f d o in g so w as v ery slow . T h e su g g estio n w as first m ad e in 1943, b u t n o th in g h ad b een d o n e b y 1947. T h e final straw w as th e refusal o f th e U n iv e rsity to p ro v id e a full tim e sec re ta ry fo r 5y days a w eek in ste ad o f 2 j. A t th is tim e an em issary fro m th e U n iv e rsity o f T o r o n to a rriv e d asking w h e th e r he w o u ld agree to b eco m e h e ad o f th e p h y sics d e p a rtm e n t in T o r o n to at a salary o f $10 000 a year. H e a ccep ted an d v isited T o ro n to to m eet th e staff th e re . O n his re tu rn P ro fe sso r S a tte rle y w ro te to h im fro m T o r o n to to try to p e rsu a d e h im n o t to accep t, b ecau se T o ro n to w as su ch a m iserab le place to be. S a tte rle y w as E n g lish a
H e m o v ed to T o ro n to in th e sp rin g o f 1948 a n d soon b itte rly re g re tte d his d ecision. H e an d his fam ily d id n o t like T o r o n to at all, an d he sp e n t th e n e x t seven years finding a w ay to re tu rn to C am b rid g e . W h e n he finally d id so it w as to a m o re ju n io r p o st th a n he h a d left a lm o st eig h t years earlier. A lm o st as soon as he a rriv e d at T o ro n to he trie d to retriev e th e situ a tio n by w ritin g to S a u n d e rs, w ho w as S e c re tary G e n e ra l o f th e F a cu lties at C am b rid g e , to see w h e th e r he c o u ld re tu rn to be P ro fe sso r o f E x p e rim e n ta l G eo p h y sics, b u t w as to ld firm ly th a t th e situ a tio n h a d n ow c h an g ed a n d th a t th is p o st c o u ld n o t now be estab lish ed . D e sp ite his u n h a p p in e ss T e d d y w as a v ery successful h ead o f d e p a rt m e n t at T o ro n to , an d s ta rte d m a n y new p ro jects. H e e n co u rag e d th e d e v elo p m en t o f g eo ch em istry , especially ra d io m e tric d a tin g a n d h e at p ro d u c tio n , an d for th is p u rp o se in stalled a m ass sp e c tro m e te r. H e also c o n tin u e d his w ork on h eat flow a n d becam e in te re ste d in c o m p u te rs, w hose d ev elo p m en t he h a d follow ed fro m th e ir b e g in n in g s at B letchley d u rin g th e w ar. T h e U n iv e rsity h a d recen tly in stalled F E R U T , c o n stru c te d by F e rra n ti, w hich T e d d y u sed fo r his calcu latio n s. H e c o n tin u e d his w ork on th e g e n eratio n o f th e E a rth 's m ag n etic field an d o rg an ized a v isit to S c rip p s In s titu tio n o f O cean o g rap h y to b u ild an in s tru m e n t to m easu re th e h eat flux th ro u g h th e sea floor. A s h e reco g nized la te r in a le tte r w ritte n in 1977, th e m o st p ro d u c tiv e y ear o f his career w as th e one he sp e n t at T o ro n to .
O n e o f his C am b rid g e frien d s, S ir L aw ren ce B ragg, w ho at th a t tim e w as h ead o f th e C avendish, visited h im in C an ad a an d w as sad to find h im so u n h a p p y . O n his re tu rn he w ro te to T e d d y to en co u rag e h im , saying th a t th e least enjoyable p e rio d s of o n e 's life are o ften in re tro sp e c t th e m o st p ro d u c tiv e , a re m a rk w ith w hich T e d d y la te r agreed. T h o u g h C am b rid g e U n iv e rsity w ou ld n o t re le n t, T e d d y h a d frien d s in B ritain , m an y o f w hom h ad w orked w ith h im d u rin g th e w ar, an d he w as w ell k n o w n an d very w ell resp ected . In th e sp rin g o f 1949 he w as offered th e d ire c to rsh ip o f th e N a tio n al P hysical L a b o ra to ry (N .P .L .) on th e u n d e r stan d in g th a t he w o u ld stay for a d ecen t p erio d , w h ich w as in fo rm ally ag reed to be five years. In J u n e he a cc e p ted an d re sig n ed h is p ro fe sso r sh ip fro m th e en d o f th e year. H e th e n left T o r o n to fo r S c rip p s w h e re he sp e n t th e s u m m e r b u ild in g a h eat-flo w p ro b e a n d an aly sin g th e e v o lu tio n o f th e E a r th 's m a g n etic field to d e te rm in e th e ra te o f w e stw a rd d rift.
T e d d y th o u g h t a b o u t th e p ro b le m s o f m e a su rin g h e a t flow at sea w h en he first becam e in te re ste d in m a rin e geology b efo re th e w ar, an d c o n sid e re d tw o w ays in w h ich it m ig h t be do n e. T h e first c o n siste d o f p lacin g a sh ee t o f m a te ria l o f k n o w n th ic k n e ss a n d c o n d u c tiv ity on to th e sea floor w ith th e rm o m e te rs on e ith e r side. A n in s tru m e n t o f th is ty p e w as n e v er d e v elo p e d a n d is u n lik ely to be p ra c tica b le . T h e o th e r idea w as to d riv e a spike c o n ta in in g th e th e rm o m e te rs in to th e s e d im e n t o n th e sea floor an d m e a su re th e te m p e ra tu re g ra d ie n t. T h e y are now u n iv ersally u sed in all d eep -sea in s tru m e n ta tio n . T h e original in s tru m e n t w as m o d ified b efo re b ein g tak en on a n u m b e r o f S c rip p s ex p ed itio n s in th e Pacific. T e d d y h ad a n o th e r b u ilt at N .P .L . after he w en t th e re as d ire c to r w ith th e o p tical rec o rd in g system , w h ich he u sed successfully in th e N o rth A tlan tic. B u t th e cam era was n o t really satisfactory: it h a d to be placed in th e in s tru m e n t ju s t befo re it was low ered by T e d d y in th e d a rk on deck b e n e a th a large U n io n flag, w hich alone w as th ic k en o u g h to keep o u t th e light. N o t su rp risin g ly th e re c o rd in g system o ften failed to w ork. C u rio u sly T e d d y is n o t an a u th o r o f th e first p a p er re p o rtin g th e resu lts from th e Pacific, th o u g h he a d d ed a le tte r ex p laining th e ir im p o rtan c e (63). H e later d iscu ssed (S h o r 1984) how 'th e re w as a b it o f a m u d d le ' over p u b lic a tio n . H e later w ro te an extensive acco u n t o f th e in s tru m e n t (70) an d , in 1956, review ed (81) th e resu lts fro m b o th th e A tlan tic an d Pacific w ith R evelle an d M axw ell from S crip p s. T h e observ atio n s in th e Pacific show ed th e b a n d o f elevated h eat flow th a t is now know n to be a u n iversal featu re o f sp read in g ridges. T h is p a p e r contains a d iscussion o f m a n tle rheology an d o f how th e heat-flow anom aly co u ld be m ain ta in ed by m an tle convection.
As so often has h a p p en e d in m arin e geophysics, m o st o f th e m ajo r resu lts w ere o b tain ed w ith th e first in stru m e n t. T h e only m ajo r discovery th a t has since been m ade is th e im p o rtan c e o f h eat tra n sfe r by m o v em en t o f sea w ater in to a n d o u t o f th e o cean c ru s t. W a te r a t te m p e ra tu re s as g re a t as 350 °C e m erg es th ro u g h v e n ts in th e sea floor, a n d tra n s p o rts h e a t b y a d v e c tio n . T e d d y 's w o rk e s ta b lis h e d th a t th e c o n d u c tiv e h e a t tra n s p o rt th ro u g h oceans a n d c o n tin e n ts w e re th e sam e. W h e n th e a d v e c te d h e a t is also in c lu d e d , th e h e a t loss th ro u g h th e o cean flo o r c o n sid e ra b ly ex ceed s th a t th ro u g h th e c o n tin e n ts .
H e h a d a v e ry su cc e ssfu l s u m m e r, in d e e d so su cc e ssfu l th a t th e P re s id e n t o f th e U n iv e rs ity o f C a lifo rn ia , S p ro u l, o ffered h im th e d ire c to rs h ip at S c rip p s. T h is w as th e se c o n d tim e th e U n iv e rs ity o f C a lifo rn ia h a d trie d to p e rs u a d e h im to m o v e th e re . W h e n T e d d y w as still in C a m b rid g e , L o u is S lic h te r h a d trie d to a ttra c t h im w ith th e offer o f a p o sitio n in th e In s titu te o f G e o p h y sic s a n d P la n e ta ry P h y sic s, a u n iv e r sity -w id e in s titu te th a t S lic h te r w as s ta rtin g . T h o u g h T e d d y w e n t to T o r o n to in ste a d , h e w as still w a rm ly w e lco m e d a t S c rip p s as a s u m m e r v isito r.
T h e d ire c to rs h ip h a d b e co m e v a c a n t w h e n H a ro ld S v e rd ru p r e tu rn e d to N o rw a y . S v e rd ru p w a n te d R o g e r R evelle to su cc e ed h im , b u t e ig h t o u t o f th e te n fa c u lty m e m b e rs o f S c rip p s , led b y F ra n c is S h e p a rd , h a d w ritte n to S p ro u l o b je c tin g to R evelle, w ith th e re s u lt th a t C a rl E c k a rt b e ca m e a ctin g d ire c to r w h ile a n e w d ire c to r w as fo u n d . T e d d y w as w ell aw are o f th e s itu a tio n a n d , w h e n h e w ro te re fu sin g S p r o u l's in v ita tio n , s tro n g ly re c o m m e n d e d R evelle fo r th e p o st. T h is w as th e in a u sp ic io u s b e g in n in g o f an o u ts ta n d in g ly su ccessfu l p e rio d a t S c rip p s u n d e r R evelle. T e d d y th e n re tu rn e d to T o r o n to h a v in g fo rm e d an a tta c h m e n t to S c rip p s th a t la sted fo r th e re st o f h is life.
T he N ational Physical Laboratory, 1 9 5 0 -5 5 A t th e e n d o f 1949 T e d d y re tu rn e d to B rita in to b e th e d ire c to r o f th e N a tio n a l P h y sical L a b o ra to ry . T h e N .P .L . h a d b e e n fo u n d e d in 1900 b y th e R o yal S o ciety a n d th e B ritish g o v e rn m e n t, a n d its first d ire c to r, S ir R ic h a rd G la ze b ro o k , h a d seen th e im p o rta n c e o f p ro v id in g a m e a s u re m e n t service fo r B ritish in d u s try . T h is still re m a in e d a m a jo r p a r t o f its w o rk w h e n T e d d y b e ca m e d ire c to r. T h e la b o ra to ry w as larg e, e m p lo y in g m o re th a n 1000 p e o p le b y 1955, a n d w as ru n alo n g C ivil S erv ice lines. H e ra n th e la b o ra to ry w ith h is u su al c o m m o n sen se, as h e e x p la in e d to J o h n S c la te r, one o f h is fo rm e r s tu d e n ts a t C a m b rid g e w h o w as c o n sid e rin g ta k in g an a d m in is tra tiv e jo b , in a le tte r w ritte n in 1977:
T h e main thing is to keep as firm a hold as possible on scientific appointm ents and on the cash, and to delegate as m uch as possible of the rest. On the whole, delegation is easier in a large organization than in a small one because there is adequate help. At N P L I left the heads of divisions to look after themselves except when the annual estimates came around or there was some crisis. I did, though, w ander around a good deal talking to people on the bottom of the totem pole.
T here is a troublesom e side to delegating things; there will be mistakes and you cannot easily avoid responsibility if you have given someone the opportunity to make them , ju st because you d id n 't w ant to be bothered. Often the m ost awful things cause the least fuss-a man I was looking after once broke the back of a destroyer and I received no com m ent whatever! R unning things needs confidence that you know what you are doing, a belief that it will all come out all right and the ability to say w hat you think w ithout offending people. I learned a lot from R utherford.
A thing you m ust do is to spend time w ith people who are in trouble, either emotional, financial or scientific. T his is a large part of any D irector's job. I have a vivid m emory of the Superintendent of T elepho nists at N P L sobbing on my shoulder, I never did find out why-I think she ju st wanted a good cry. You soon learn that, however unreasonable other people are, you have to remain calm, sympathetic and reasonable (an occasional explosion does no harm but it m ust be rare and calculated). A little uncom m itted cash is a great help-at M ad Rise [the D epartm ent of Geodesy and Geophysics at Cambridge] we were, as you may have noticed, nearly always able to pay for unexpected things. T his is m uch less time consuming than economizing.
H e e x p lain s his view s at g re a te r le n g th in a c h a p te r e n title d 'W h a t m ak es a good re sea rc h e sta b lish m e n t? ' (131): A young man starting his first job will often say that he wishes to go on working at the things about which he has w ritten his Ph.D . dissertation. T his is natural enough; these are things he understands and which he has come to think of great importance and interest. Often it is necessary for the director of the establishment to tell him that, at the moment, there are other things that just have to be done and to which he can make an im portant contribution. If all goes well, the m an's interest will quickly be transferred to the new field ....
In practice it is usually more difficult to persuade a man to stop working on a project that is no longer im p o rtan t. . . . After a few years' work a man acquires a vested interest in his problem. He is an expert in it, perhaps the first expert in the country. He is a m em ber of international committees for discussing it. He knows all the other experts. His emotions and feelings as well as his intellect are wrapped up in it... . It does not much m atter if a man of 55 becomes a monomaniac on a subject of considerable but decreasing importance. It will last him out. It is very different in a man of 30 .... It may be necessary to persuade or coerce him to change his line of work.
T e d d y was a w ell-liked an d effective d ire c to r, an d w as k n ig h te d for his services in th e C o ro n a tio n H o n o u rs. H e p a rtic u la rly en co u rag ed E sse n 's w o rk on atom ic freq u e n cy sta n d a rd s, an d th e g ro u p w o rk in g on e lec tro nic c o m p u ta tio n s on A C E , w h ich T e d d y u sed extensively fo r his d y n am o calcu latio n s (72). H e re m a in ed in v olved in m ilitary p ro b le m s an d serv ed as th e jo in t c h a irm a n o f th e A n g lo -A m e ric a n B allistic M issile C o m m is sion. H e la te r arg u ed th a t his m ain failu res as d ire c to r w ere in n o t p u rsu in g w ork on co n tro l m ech an ism s an d o n so lid -sta te electro n ics.
T 
o n m ilita ry p u rp o se s. H o w e v e r th e m o d e l he p ro p o se d is n o w k n o w n n o t to m a in ta in a d y n a m o . N o n e th e less th e te c h n iq u e s he p io n e e re d h av e b e en w id ely a d o p te d , a n d self-e x citin g k in e m a tic d y n a m o s sim ila r to th e o n e h e p ro p o s e d w ith G e llm a n have since b e en d isco v ered . A s w ell as th is n u m e ric a l w o rk he d ev ised a sim p le analy tical d isc d y n a m o m o d el th a t has since b e e n e x ten siv ely s tu d ie d , an d w h ic h has th e m o st s u rp ris in g tim e -d e p e n d e n t b e h a v io u r (76).
H e la te r re m a rk e d th a t it w as less tim e c o n su m in g to a d m in is te r th e N .P .L . th a n th e D e p a rtm e n t at C a m b rid g e b ecau se th e N .P .L . p ro v id e d effective assistance. B u t n e ith e r T e d d y n o r M a rg a re t w ere v ery h a p p y at th e N .P .L . T e d d y d id n o t like th e C ivil S erv ice re g u la tio n s an d feared he w o u ld re m a in u n til he re tire d . H e w ish ed to re tu rn to a u n iv e rsity e n v iro n m e n t. W h e n T u z o W ilso n v isite d th e N .P .L . d u rin g th is p e rio d he fo u n d th e d ire c to r's w ife u p a tre e saw ing off b ra n c h e s w h ile six m en fro m th e w orks d e p a rtm e n t w a tch e d fro m th e g ro u n d a n d o b ey ed h e r in s tru c tio n s .
W h e n he w as a p p o in te d T e d d y h a d o rig in ally ag reed to stay at th e N .P .L . fo r five years: in fact he stay ed fo r six. In 1954 he b eg an to so u n d o u t h is frie n d s at C a m b rid g e a b o u t th e p o ssib ility o f his re tu rn in g . A d ire c t a p p ro a c h to th e U n iv e rsity , fo r a re a d e rsh ip , w as u n su ccessfu l. N e ith e r M o tt at th e C av e n d ish n o r B aker in E n g in e e rin g c o u ld see how th e y co u ld ju s tify his a p p o in tm e n t to a p o sitio n to o th e r m e m b e rs o f th e ir d e p a rtm e n ts, o r to th e U n iv e rsity w h en a D e p a rtm e n t o f G eo d esy a n d G e o p h y sic s alread y existed. T h e R oyal Society also c o u ld n o t h elp . W h a t clearly p u z zle d ev ery o n e w as w hy T e d d y w as so d e te rm in e d to com e back to C a m b rid g e w h e n m a n y o th e r u n iv e rsitie s w ere keen to a p p o in t h im to lead a phy sics d e p a rtm e n t. B u t d e te rm in e d he w as, an d he h a d tw o im p o rta n t frien d s w ho finally su cceed ed in g e ttin g h im back. C h ad w ick w as n ow M a ste r o f C aius C ollege an d a rra n g e d fo r T e d d y to be a p p o in te d to a Bye F ello w sh ip in th e C ollege in th e su m m e r o f 1955. T h is a p p o in tm e n t w as for th re e years an d w as n o t a U n iv e rsity p o st. O n th e stre n g th o f th is T e d d y resig n ed as d ire c to r o f N .P .L . B u t b efo re he co u ld take u p th e C aius p o st K e ith R u n c o rn accep ted th e p ro fesso rsh ip o f p h y sics at N ew castle, w h ere he has since co n v erted th e phy sics d e p a rt m e n t to geophysics in a m a n n e r resem b lin g th a t w h ich T e d d y 's frien d s w a n ted h im to do. 
D epartment of Geodesy and Geophysics, 1956-74

Biographical Memoirs
In th e long stru g g le to re tu rn to C am b rid g e T e d d y h ad lost n o n e o f his v itality and sense of fun. M au rice H ill gave a d in n e r p a rty in K in g 's to celeb rate T e d d y 's re tu rn , to w hich he also in v ited R u n co rn . T e d d y arriv ed d ressed as a b ish o p an d solem nly asked R u n c o rn 's advice on w h at he sh o u ld do at C am b rid g e. In 1956 th e D e p a rtm e n t o f G eo d esy an d G eo p h y sics c o n tain ed tw o excellent g ro u p s, in p alaeo m ag n etism an d m arin e geophysics, u n d e r R u n c o rn and H ill. T h e p alaeo m ag n etic g ro u p largely d isp ersed after R u n c o rn d e p a rte d , h aving p io n eered th e a p p li cation of m ag n etism to th e stu d y o f co n tin e n tal d rift. T e d d y w as n o t at first th e H ead of th e D e p a rtm e n t. H e w as, how ever, th e d o m in a n t p erso n ality and scientist in it, and in 1960 B en B row ne resig n ed an d T e d d y w as a p p o in te d to a re a d ersh ip and succeeded him . In 1964 T e d d y was finally ap p o in te d to a p erso n al ch air m o re th a n 20 years after th e su g g estion h ad first been m ade, an d chose to be P ro fesso r o f G eo p h y sics.
T e d d y p ro ceed ed to m ake th e D e p a rtm e n t in to one o f th e b e st places to stu d y geophysics in th e w orld. H e a ttra c te d ex cellent stu d e n ts an d m ad e su re th ey had th e facilities th ey needed. H e set th e m off in new d irectio n s w h ere th e ir abilities w ould be b est displayed. H e w as g en ero u s to his colleagues w ho w ould otherw ise have been o v ersh ad o w ed by his g reat d istin c tio n and fam e. H e used his co n tacts in th e u n iv ersities, in d u s try an d g o v ern m en t in th e U .K . an d U .S .A . to m ake su re th a t people d id ex cellent w ork. H e p e rsu ad e d th e W olfson F o u n d a tio n to pay fo r th e c o n stru ctio n of a new laboratory. A s T e d d y rem ark ed w h en w ritin g a b o u t th e C avendish u n d e r R u th e rfo rd (175): '... he could m ake you feel a colleague in a great e n terp rise. H is boys w ere th e b est boys, su rro u n d e d by foolish and w icked m e n .' H e enjoyed b ein g a p ira te an d collecting m o st of the cash and m o st of th e b e st stu d en ts. O w ing to his b u ccan eerin g a p p ro ach th e re was alw ays enough m oney for people to go to conferences an d to start new projects. T h o u g h he was h im self actively involved in m any of th e research p rojects, he pub licly took little c re d it for th is effort, and generally w ould n o t allow his nam e to ap p ear on p u b licatio n s. Y et m o st of the successes of th e D e p a rtm e n t w ere a d ire c t co n seq u en ce o f his in sig h t and en couragem ent. T h ro u g h o u t, T e d d y w as stro n g ly an d c o n sciously influenced by th e w ay in w hich L o rd R u th e rfo rd h ad ru n th e C av endish w hen T e d d y was a research stu d e n t th ere, an d he was equally successful in p ro d u c in g a research en v iro n m e n t th a t was m o st attractiv e to yo ung physicists, w ho cam e to w ork w ith h im in co n sid erab le n u m b e rs. H e often rem arked th a t th e courses he took as an u n d e rg ra d u ate in th e C avendish w ere p referab le to th o se of today, because anyone w ho was reasonably intellig en t and u n d e rsto o d th e su b ject co u ld get a first w ith o u t w earing them selves o u t w ith h a rd w ork (175). T e d d y m ade sure th a t research in geophysics retain ed these v irtu es, an d th e D e p a rt m e n t was know n as th e best club in C am b rid g e.
T h e la rg e st g ro u p th a t re m a in e d at th e D e p a rtm e n t w as led b y M a u ric e H ill. It w as c o n c e rn e d w ith m a rin e g eo p h y sics a n d c o n tin u e d th e w o rk T e d d y h a d s ta rte d b efo re th e w ar. H ill h a d d ev elo p ed seism ic re fra c tio n at sea to u n d e rs ta n d th e s tru c tu re o f th e ocean b asin s. T e d d y b ro a d e n e d th is effort an d e n co u rag e d s tu d e n ts to b u ild n ew o cean -g o in g in s tr u m e n ts. T h e y c o n stru c te d a p ro to n p recessio n m a g n e to m e te r th a t w as to w ed b e h in d th e sh ip , a n d th e h e a t flow th ro u g h th e sea floor w as m e a su re d w ith T e d d y 's in s tru m e n t. T h o u g h he w as a b ad sailo r T e d d y w e n t on several cru ises. H e also en co u rag e d th e d e v e lo p m e n t o f lan d seism ology, p a rtic u la rly b ecause o f his in te re st in th e d e te c tio n o f u n d e rg ro u n d n u c lea r explosions. Several o f his ow n s tu d e n ts w o rk ed on th e d y n a m o p ro b le m u sin g th e excellent c o m p u te r facilities available in th e m a th e m a tic s lab o ra to ry . H e h im se lf w as one o f th e few p eo p le in th e U n iv e rsity w ho w as allow ed to o p e ra te th e m a ch in e at n ig h t w h en th e o p e ra to rs w ere n o t p re se n t, a n d u sed it to d evelop m e th o d s o f au to m a tic d a ta collection an d re d u c tio n (99, 113, 123, 141) . H e also to o k an in te re st in g eochem ical in stru m e n ta tio n a n d in th e d esig n o f sen sitiv e m ass sp e c tro m e te rs th a t Jack M ille r w as dev elo p in g . T h e la b o ra to ry b ecam e a fa v o u rite place for T e d d y 's frien d s fro m th e U .S .A . a n d C an ad a to sp en d th e ir sabbaticals. O n th e ir re tu rn to N o rth A m erica m an y a p p o in te d fo rm e r C am b rid g e stu d e n ts to p o sts in th e ir d e p a rtm e n ts. T h e re w ere at th a t tim e ra th e r few d e p a rtm e n ts o f geophysics a n d m a rin e geology, an d m u c h o f th e c o m m u n ic atio n b etw een th e m took place in th is w ay. T h e sm all in te rn a tio n a l c o m m u n ity c o o p erate d closely. W h e n fu n d in g fo r m a rin e w ork in th e U .K . was p a rtic u la rly difficult, A rt M axw ell, w ho h a d w o rk ed closely w ith T e d d y w hile he w as a stu d e n t at S c rip p s an d w as at th a t tim e at th e Office o f N aval R esearch in W ash in g to n , arra n g ed fo r a g ra n t to be aw ard ed to H ill's g ro u p at C am b rid g e. H e ss a n d T u z o W ilso n sp e n t th e ir sab b aticals at th e D e p a rtm e n t. D u rin g th is p e rio d W ilso n w ro te a n u m b e r o f p a p e rs th a t p ro p o se d m a n y o f th e c o n ce p ts o f w h a t is no w called p la te te cto n ics. H ess p e rs u a d e d V in e to go to P rin c e to n , w h e re he la te r u se d his ideas to in te rp re t m a g n etic p ro files fro m all p a rts o f th e w o rld .
U n d e r T e d d y th e D e p a rtm e n t at C a m b rid g e p lay ed a m a jo r ro le in th e c o n stru c tio n o f th e new th e o ry , a n d h is in flu en ce on o th e rs in v o lv ed in th e w o rk w as very ex ten siv e. T e d d y h im se lf h a d b e en c o n v in ce d since th e late 1950s th a t large h o riz o n ta l d isp la c e m e n ts o f p a rts o f th e E a r th 's su rface o c c u rre d . T h e tw o o b serv atio n s (120) th a t in p a rtic u la r affected h is view s w ere th e d e m o n stra tio n o f offsets in th e m a g n etic an o m aly p a tte rn o f m o re th a n 1000 k m off th e w est co ast o f N o rth A m e ric a a n d th e p alaeo m ag n etic o b serv atio n s fro m A u stra lia, w h ic h w ere n o t c o m p a tib le w ith p o la r w a n d e rin g a n d re q u ire d relativ e m o tio n b e tw e e n A u stra lia a n d E u ro p e .
T e d d y d e cid e d to fit th e c o n tin e n ts ro u n d th e A tla n tic to g e th e r g eo m etrically . H e w ish ed to d e m o n stra te h o w ex cellen t th e fits w ere, a n d to sep a ra te th is q u e stio n fro m th e p ro b le m o f th e m e c h a n ism th a t h a d cau sed th e d isp la ce m e n ts. T h e co n fu sio n b e tw ee n th e se tw o sep a ra te p ro b le m s h a d b e d ev illed th e h y p o th e sis o f c o n te n ta l d rift since W e g e n e r's in flu en tial w ork. T e d d y p ro d u c e d th e fits b y m in im iz in g th e m isfit b etw ee n th e c o n tin e n ta l m a rg in s ra th e r th a n th a t o f th e co astlin es. B o th W eg e n e r a n d D u T o it h a d a rg u e d th a t th is w as th e c o rre c t p ro c e d u re . C arey h a d p re v io u sly a tte m p te d to m ake g eo m etric ally c o r re c t re c o n stru c tio n s in th e sam e w ay, b u t he h a d u se d th e m to s u p p o rt his p h y sically im p la u sib le idea o f an e x p a n d in g E a rth . T e d d y a n d his colleagues w ere p rin c ip a lly in te re ste d in p ro d u c in g co n v in cin g fits, an d th e m ap s th ey g e n e ra te d ( figure 1, fro m ref. 124) have b e en w id ely re p ro d u c e d in m o d e rn tex tb o o k s. T e d d y n e e d e d a c o n v e n ie n t d e sc rip tio n o f th e m o v e m e n t o f a rig id c o n tin e n t on th e su rface o f th e E a rth . H e w as th e first to use E u le r's th e o re m fo r th e p u rp o se , a n d o b ta in e d th e p o le a n d ro ta tio n angle re q u ire d by m in im iz in g th e m isfit. T h o u g h he re g a rd e d th is d e sc rip tio n sim p ly as a c o n v en ie n t w ay o f d e sc rib in g th e m o tio n s, th is th e o re m la te r becam e th e c o rn e rsto n e o f p late te cto n ics, a n d w as n o t w idely k now n to g eo p h y sicists b efo re h is w ork. T h e e x citem e n t o f th e p e rio d is reflected in a le tte r fro m K eilis-B o ro k , a R u ssian v isito r to th e D e p a rtm e n t in 1968 an d 1969 . H e w ro te to T e d d y o f 'an im p re ssio n o f a stro n g an d p ecu liar p erso n al to u c h -th e set o f eleg an t a n d u n p re d ic ta b le stu d ie s . . .; each calling fo r stro n g o b jectio n s (fro m m y p a rt an y h o w ) b u t all to g e th e r revealing a sta rtlin g ly new geophysical re a lm '. T e d d y d id in d eed succeed in settin g u p a d e p a rtm e n t th a t w as as successful in th e field o f geophysics as th e C av en d ish h ad b een in physics u n d e r R u th e rfo rd . W h e th e r he could have d o n e so w ith o u t re tu rn in g to C am b rid g e is n o t clear. M an y o f those involved w ere a ttra c te d to geophysics by his lectures to u n d e rg ra d u a te phy sicists, w hich, in c o n tra st to th o se o f the physicists, vividly conveyed th e sense o f ex citem en t o f th e su b ject, even th o u g h th ey w ere often illu stra te d by an cien t, an d so m e tim es b ro k en , th re e inch sq u are la n te rn slides p ro jected w ith a carb o n arc p ro jecto r. T h e g ro u p u n d e r H ill w as equally a ttractiv e to able u n d e rg ra d u ate geologists, w ho w ere equally successful as geophysicists. T h r o u g h o u t th is p erio d at C am b rid g e T e d d y w as m o re co n cern ed th a t his stu d e n ts and colleagues sh o u ld succeed th a n w ith his ow n research . T h is he p u rsu e d d u rin g his visits to S crip p s w here he w en t for a m o n th o r tw o m o st sum m ers.
T e d d y 's p erio d as H ead o f D e p a rtm e n t w as his m o st successful as a scientific ad m in istra to r. H e rem ain ed at C am b rid g e for 18 years, d u rin g 14 of w hich he was H ead of D e p a rtm e n t. T h is was a m u c h lo n g er p erio d th a n he sp en t at T o ro n to o r th e N .P .L . B ecause th e o rg an izatio n was sm all w ith a rap id tu rn o v e r of stu d en ts, he influenced a large n u m b e r o f people w ho now occupy senior positions in th e U .K . an d N o rth A m erica. H e was very concerned w ith th e w elfare o f his stu d en ts, an d w en t to g reat tro u b le to find th em good positions. H e also was H ead at a p a rtic u la rly im p o rta n t perio d in th e d ev elo p m en t of th e E a rth sciences. H e gave co n siderable th o u g h t to w hat w ould h ap p en w h en he re tire d , an d was involved in discussions w ith th e heads of d e p artm en ts o f geology an d o f m ineralogy and petrology, W h ittin g to n an d D eer, w hose aim w as th e fo rm atio n of a single D e p a rtm e n t o f E a rth Sciences. T h o u g h he stro n g ly su p p o rte d this idea his bu ccan eerin g style frig h ten ed th e o th e r d e p a rt m en ts, and am algam ation only becam e possible in 1980 after he h ad retired . T h e D e p a rtm e n t of G eodesy and G eophysics was th e n ren am ed th e B ullard L ab o rato ries in his h o n o u r, an d is still h o u sed in w h at was originally th e p rivate house of P rofessor N ew all, w ho played such a large p a rt in startin g the D e p a rtm e n t.
T h o u g h m ost of T e d d y 's tim e was sp en t on th e affairs o f th e D e p a rt m en t, he rem ained involved in g o v ern m en t affairs, th o u g h to a lesser degree th a n w hen he was at N .P .L . H e atte n d ed th e G eneva discussions on n u clear d isarm am en t in 1958 as an influential technical advisor to th e B ritish G o v ern m en t, w here his know ledge, fo resig h t and in te g rity som e tim es fo u n d a p a th th a t o th ers follow ed, and w here his u n iq u e b ra n d of en th u siasm enlivened m any an arg u m en t. A fter th e treaty was signed he set u p a laboratory at C am bridge w here those w ho w ere to op erate th e seism ic m o n ito rin g system w ere train ed . H e rem ain ed co n cern ed w ith th e w hole p ro b lem of n u clear w eapons and th e d etectio n of u n d e rg ro u n d tests. H e a tten d ed Pugw ash m eetings on th e su b ject an d w rote a p o p u lar account of th e issues involved (134). H e had stro n g view s on th e re la tio n s h ip b e tw e e n scientific ad v iso rs a n d p o litic ia n s, a n d b e liev ed th a t th e scientific issues s h o u ld b e se p a ra te d fro m th e p o litical. Scientific American an d h is frie n d s in P u g w a sh trie d to p u s h h im in to m a k in g p u b lic sta te m e n ts a b o u t w h a t th e p o litic ia n s s h o u ld do. H e re siste d stro n g ly , a n d b ecam e v ery cross in d e e d w h e n he fo u n d th a t h is te x t (134) h a d b e en c h a n g e d fo r po litical p u rp o se s. H e h a d sim ilar, th o u g h less p u b lic , difficulties w ith th e B ritish P u g w a sh G ro u p . T h is stro n g ly h e ld view a n d h is scientific c o m m o n sense m a d e h im a tru s te d a d v iso r to th e B ritish G o v e rn m e n t a n d to th e A d m ira lty u n til he left C a m b rid g e in 1974 . H e also b ecam e c h a irm a n o f th e c o m m itte e in ch arg e o f B ritish space research .
T e d d y also e n jo y ed h is c o n n ec tio n s w ith in d u s try . H e to o k an active in te re st in th e fam ily b re w ery , especially a fte r h is u n cle d ied , u n til it w as ta k en o v er by W atn e y s. H e becam e a d ire c to r o f IB M U .K . a n d h e lp e d to p e rsu a d e th e U n iv e rsity to b u y its first IB M c o m p u te r. H e m a d e a large co llectio n o f scientific books an d w as especially in te re ste d in H alley , w h o se ab ility to analyse d ata o f variab le re lia b ility h e fo u n d p a rtic u la rly im p ressiv e (86).
Retirement, 1974-80
W h e n T e d d y re tire d fro m C a m b rid g e his h e a lth w as failing, b u t he w as d e te rm in e d to m ake th e m o st o f his re m a in in g tim e, an d sta rte d a n ew life w ith g re a t b rav ery . H e m a rrie d U rs u la C u rn o w a n d m o v ed to S c rip p s. H e w as a p p o in te d to a p ro fe sso rsh ip a n d en jo y ed giving le ctu res on science to th e a rts stu d e n ts at th e U n iv e rsity . T h e s e w ere v ery p o p u la r an d w ell liked by th e u n d e g ra d u a te s. H e b ecam e in te re ste d in n u c lea r w aste disposal, a n d w as involved w ith vario u s stu d ie s (189, 190) at th e J e t P ro p u lsio n L a b o ra to ry d esig n ed to re d u c e th e p ro b le m by re u sin g som e o f th e w aste p ro d u c ts in reacto rs. H e also b ecam e a g eophysical c o n su l ta n t to th e U n iv e rsity o f A laska, w h ere he sp e n t th re e m o n th s each year.
In 1978 th e A m e ric an In s titu te o f P hysics h eld a co n feren ce at L a Jolla on n o n lin e a r d ynam ics in his h o n o u r. O n ly m o n th s b efo re he d ied , a g ro u p o f his fo rm e r s tu d e n ts an d colleagues o rg an ized a n o th e r m e etin g in his h o n o u r at S c rip p s, w h ich he b rav ely a tte n d e d . T h o u g h physically frail an d in g reat pain, his c o m m e n ts a n d q u e stio n s to th e speakers sh o w ed his u su al g rasp o f th e essentials. T e d d y d ied in his sleep th e n ig h t a fte r finishing his last p a p e r (196) . H e w ro te b u t d id n o t sign th e le tte r c o m m u n ic atin g it to th e R oyal Society, w h ich w as d o n e by his close frien d W alter M u n k . 
